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DETERMINATION OF THE IONOSPHERIC
CONVECTION PATTERN FROM DMSP DATA

l
!

MarcR.Hairstonand RoderickA.Hcclis

CenterforSpaceSciences-UniversityofTexasatDallas
Richardson,Texas75083

ABSTRACT |

Thermal plasma instrumentation on the DMSP-F8, DMSP-F9, and future
DMSP satenkes may provide the first continuous long-term database of the
ionospheric flow over both polar caps. Flow data from the satellites can be
combined with a model magnetic field to calculate both the form and mag-
nitude of the potential distribution across the polar cap. We are developing •
a model that will take the information about the potential distributions seen
by both satellites and allow us to model the convection pattern over the
entire polar cap region. A description of the data application is given along
with a comparison of model and observed potential distributions.

I. iNTRODUCTION

After years of study it is generally accepted that the high-latitude iono-
spheric convection pattern usually consists of a two-celled pattern for so'ath-
ward IMF whose exact shape depends on the strength and orientation of the
IMF. An exact analysis of "his pattern has been hindered by the sporadic cov- •
erage of satellite observations of the convection flow. Using ion drift meters
on the polar orbiting DMSP satellites F8 and F9 we are starting to assemble
the first long-term database of convection flow. Using the flow data and
a magnetic field model we compute the electrost_,tic potential distribution
along the satellite's path. This data is used as input to calculate a model of •
the potential distribution overthe entire polar cap. This paper demonstrates
our current ability to measure the potential drop across the polar cap as well
as preliminary examples of the resulting model of the potential distribution.

II. INSTRUMENTS

Ion drift meters (IDMs) have flown on several satellites including Atmo-
sphere Explorer and Dynamics Explorer-2, and are currently part of the
instrument compliment on the DMSP satellites, F8 and F9. The instrument
is oriented with its entrance aperture facing along the direction of the satel-

lite's velocity vector so that the ions stream through the aperture and onto t
a segmented collector. (Electrons are kept out by a small negative potential
grid in front of the collector.) Ion flows perpendicular to the spacecraft ve-
locity vector cause an asymmetry in the currentb collected by the collector
segments. The four collectors are arranged so that both horizontal and verti-
cal flows can ',e measured. Using the known velocity of the spacecraft (which I
is usually much larger than the thermal velocity oi the ions) and measuring

I

.I
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the asymmetry of the current_ to the collectors we can cakulate the per-
pendicular ion flow velocities. The IDMs onboard the DMSP satellites each

[] _ampio,imth the horir_ntal and vertic-J fiow_six times per -._,econd--rid¢e.r.
accurately measure flows of up to 3 kilometers per second. A more complete
description of the general workings of the IDM is presented in Heelit, et al.
[1].

III, SATELLITE DATA

i The analysis in this paper it based on the IDM data obtained from the two
DMSP satellites. DMSP-F8 was launched in June 1987 into a polar orbit
fixed in local time approximately along the dawn-dusk meridian. DMSP-
F9 was launched in February 1988 into a polar orbit fixed roughly along
the 1000-2200 line of local time. Both satellites are in circular orbit, of

I about 800 kilome'ers (,500miles) altitude thus completing one orbit every 104
minutes. This a/lows us to makea "snapshot" of the same region of each polar
cap every 104 minute almost without interruptions for the entire lifetime
of the spacecraft. Such complete coverage (which has not been previously
available) will allow a more complete examination of the evolution of the

It polar convection pattern with time.

IV.ANALYSIS

For our analysis we must sdect times when the IMF is fairly constant so
that the flow pattern remains stable. Since no IMF data for March 1988 was

I yet available, we chose to analyze a set of four polar pasoes that occur in the
middle of a six orbit period daring which the polar flow patterns seen by the
IDM remain fairly unchanged. Two northern sad two ,outhern polar cap
crossings were analyzed, though we are presenting only one of them in this
paper. Fig. 1 and fig. 2 show (respectivdy) data from F8 and F9. Thh data

I details the horizontal and vertical flow data from the second southern polar
pass in the set along with the color_luteddectrostatic potential distribution
(see next section). Looking at the times along the x-axis shows that on
this date the F9 satellite passes over each polar region about thirty minutes
after the F8 satellite. We can combine the d_a from these complimmtary

It passe, in an attempt to model the potential distribution and convection/low
pattern over the polar cap.

V. CALCULATION OF POTENTIAL DISTRIBUTIONS

The changes in potential along the satellite's path can be calculated us-
ing the available data from the IDM. Taking the perpendicular flow data

• combined with a model of the earth's magnetic field, we determine the dec-

tric field p_allel to the sper.ecraft'_velocity vector by using the basic MHD
equation: E = -07 x /3). Integrating this electric field along the satel-
lite track produce, an dectro6tatic potential distribution ,,long the path the
satellite travels over t_e polos region. Figs. 1 tad 2 show the calculated

m potential distribution for the F8 and F9 (respectively) polar crossings we are

2
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studying. The integration begins when the satellite crosses the ,50° magnetic

ms latitude heading towards the pole, and is performed in four second incre-
nm meats thereafter until the satellite recrosses the 50° magnetic latitude line.

The potential at the 50° magnc*ic latit'.:3e line is assumed to be zero, thus
whatever offset remains at the end of the polar crossing is then used to add

a linear correction to the potential distribution so that both ends are at zero
potential. From this corrected potential distribution the location and mag-

i nitudes of the potential maximum and minimum are determined as well a_

the location of zero crossing and the potential at the highest latitude. These

values serve _ the inputs to a model of the global high latitude potential
distribution.

]1 VI. MODEL

The potential distribution pattern is determined using data from a single

: dawn-dusk pass. The model takes the magnitudes of the potential maximum

and minimum along the dawn-dusk line as well as the potential at thz origin,

the location of the zero-line crossing, and the radius of the polar cap (defined

I as half the distance between the potential maximum and minimum), The
model does a spfine fit of the potentials from the maximum to the minimum

through the zero-crossing point and the origin. The shift of the zero-crossing
point determines the angle of the dayside zero hne from the 1200 hour line

(while for simphcity the nightside zero line is always drawn along the 0

l hour hne). The magnitudes of the potential maximum and minimum ar,_
used to determine the angular size of the maximum and minimum rtgions

along the polar cap boundary. The remaining potentials along the polar cap
boundary are calculated by a spfine fit from the ends of the maximum and

minimum regions through the zero-crossing line locations. Optimization of

1 the procedure is not performed here. Once all the potentials along the polar
cap boundary are known, then tke potential at any point inside the polt, r
cap can be calculated. This is done with a three-point spline fit, along a

Line through the requested point and the origin which uses the potentials on

the boundary and at the origin as the inputs. The potentials outside of the

• polar cap are calculated from the expression (sinO/sinOo)-'t. Fig. 3 shows
the potential patterns derived from the F8 data and presented in a magnetic

latitude/magnetic local time coordinate system. The tracks of F8 and F9
are plotted over this pattern along with the locations of their maxima (plus

signs), minima (closed circles), and zero crossing points (open circles). While

each orbital track of F8 may not move exactly along a 0600-1800 hour fine
in this coordinate sy :_-m, the vMues from the satellite data may be used to
extrapolate the neces_,r: values for that fine.

VII. COM, ARISON OF MODEL TO DATA

It Once the potential distributiox,, rr:odel for the polar cap has been generated
we can sample it along any satellite track to predict what potentials the

' - 1989008603-007
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satellite should encounter. In these cases we use the potential distribution

from the F9 passes to check the model. Fig. 4 shows the actual potential
I rl;tfdh.t;a_t ¢a_ th; .... ._! ......... A ,..:Ik 6k .... I .... t .... _t .... !

(shown as asterisks) plotted for each minute and for the maxima and minima
points. The F8 distributions match fairly weU, which is to be expected since

the models are based on them. Both the F9 southern polar passes show a
fair amount of a_;reement with the model while both the F9 northern polar

[] passes are marginal at best. This is fikely due to the lower quality of the
data from the northern polar p_ses at this time of the year, and the lack of
optimization in fitting the local time distribution of the boundary potential.

Overall, this simple model is an encouraging start to our goal of matching
the potential distribution observed by both sateUites.

VIII. CONCLUSIONS

We have demonstrated the capability to define the electrostatic potential
distribution across the polar ionosphere using the data from the ion drift
meters (IDMs) onboard the DMSP F8 and F9 satellites. Using this data

as inputs we have constructed a simple first-order model of the potential
distribution for the entire polar cap region. When checked against the actual
potential distribution data from the satellites this model shows a fair amount

of agreement. 'T_,e model is still in the process of being developed and we
plan to use the data from the DMSP satellites to further correct and refine it.

Combining this exerdse with available IMF data should eventually provide

1 a large enough dataset to do a thorough statistical analysis of convection

patterns and their relationships and responses to the IMF.
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